It has been known since the end of the nineteenth century that low-level direct electrical current can be used to destroy tumours. Over the last decade there has been a considerable reawakening of interest in the use of this relatively noninvasive, low-cost modality to treat malignant disease, but much of this work has been empirical and has added little to our knowledge of the mechanisms whereby direct current induces necrosis. Groups in Sweden (Nordenstr6m, 1989) and China (Xin, 1994) are currently treating a wide range of clinical tumours by this technique. Greater understanding of the mechanisms may reveal that the therapy is inappropriate for some sites, while for others modification of treatment conditions could maximise tumour destruction. Our previous work (Griffin et al., 1994 ) established a direct relationship between charge and volume regression in a mammary carcinoma. A clinical application of interest is the treatment of (multifocal) hepatic metastases from colorectal carcinomas. That treatment of lesions in the liver is feasible is suggested by the encouraging results of an uncontrolled trial for DCI of primary hepatoma in China (Lao et al., 1994) . In the approach towards clinical trial, we report here on the patterns of necrosis induced preclinically in liver itself, which will be the primary normal tissue at risk in this proposed new therapy for the condition.
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Materals and methods
All procedures to be described complied with the Animals (Scientific Procedures) Act 1986 (UK). Male adult outbred white (OBW) rats bred in the Paterson Institute were used throughout, at a weight of 230-250 g. Up to four rats were treated simultaneously while under general anaesthetic. Anaesthesia was induced by inhalation of enflurane in an ether chamber and then maintained by inhalation of halothane and oxygen via a facial mask system with scavenging of waste gases for the duration of the procedure. After induction of anaesthesia, the peritoneal cavity was opened by a small transverse subcostal incision through the skin and rectus muscle and the left lobe of liver exteriorised. Twin gold electrodes, 0.3 mm in diameter, were then inserted at 90g to the surface of the liver and a constant 10 mm apart within the central region of the exposed lobe. A dry gauze swab placed between the exteriorised liver and the underlying anterior abdominal wall of the animal acted as an insulator, preventing current return via any route other than through the substance of the liver between the two electrodes. The electrodes were held firmly in position by a supporting gantry above the animal. New gold electrodes were used after every 2-3 treatments, thus minimising the effects of gradual roughening of the electrode surface due to dissolution of gold at the anode. Before use, electrodes were sterilised with 70% alcohol. Direct current was then passed between the electrodes by means of a computer-controlled, constant-current power supply, which continually monitored voltage, which was normally in the range 1-16 V. In all procedures the electrode on the animal's left was the anode. In one series of experiments, current was held constant at either 1 or 5 mA and the duration of application of current was 10, 20, 30, 60 or The relationship between area of secondary damage and charge passed was best represented by a sigmoidal funton, for both anodic and cathodic damage (Figure 3) (Althaus, 1875) . By the mid-nineteenth century, it had also been observed that such current could be used to promote thrombosis, paricularly around the anode and, indeed, this technique gained some popularity as a means of treating aneuryms (Editorial, 1873) until supersded by advances insurgry later in the century. Although used sucesfully to treat uterine fibroid tumours in the late nieteenth century (Martin, 1886) , interest in the mechanism of action and possible therapeutic use of low-level direct current waned until reawakened by a paper describing its use to treat a subcutaneous sarcoma in mice (Humphrey and Seal, 1959) . Since that time, an increasing number of workers have published work describing the use of this modality against subcutaneous animal tumour models (Schauble et al., 1977; David et al., 1985; Marino et al., 1986) and its potential clinical application (Nordenstr6m, 1983) . Our own research, using a mammary carcinoma growing subcutaneously in mice, revealed a linear relationship between the vohlme of reon induced in such a tumour and the charge passed through it, greater effect being observed when the intratumoral ekctrode was made an anode rather than a cathode (Griffin et al., 1994) .
Most recent preclinical work in this field has concentrated on the effects of direct current on tumours per se, but, like any proposed anti-cancer therapy, the utility of DCT will be determined by its therapeutic efficacy, i.e. the quantitative and qualitative relationship of injury in tumour to that in the involved normal tissue(s). As noted, our clnical interest is in metastases in liver, a well-structured normal tissue. We were particulaly interested in the quantitative and qualitative aspects of any necrosis produced, in the relationship of such necrosis to implanted electrodes and in the possible mechanisms involved.
In common with other workers Samuelsson and Jonsson, 1981) we found necrosis to occur at both anode and cathode, its magnitude directly proportional to the charge passed but with greater destruction around the anode than cathode (slopes of the lnes being 15 and mm3 C' respectively). A cylnder of necrosis could be seen around each electrode which on closer examination showed a slight elongation in a direction perpendiar to the plane joining the two eletrodes. Important mechanisti conclusions can be drawn from this observation. David et al. (1985) suggsed that electric current per se may have a direct effect on cells and their growth, while Miklavb et al. (1993) observed that necrosis of a tumour mass can occur when two eectrodes are placed on either side of the tumour. They concluded that the necrosis was directly due to the current flow between the electrodes, possibly by field effects on transmembrane potential and membrane permeability. in order to destroy tumours with minimal damage to normal tissue, it would be necessary to place electrodes close to vessels feeding the tumour and within the tumour itself (maximise primary and secondary damage within the tumour tissue). Angiography would, therefore, be desirable at the time of electrode placement.
